Gold is being used therapeutically since 2500 BC in Chinese medical history. Red colloidal gold is still used in the Indian Ayurvedic medicine for rejuvenation and revitalization during old age under the name of Swarna Bhasma. The present research describes a more reliable method for assaying growth inhibition of some waterborne bacterial pathogens by gold nanoparticles. The gold nanoparticles were synthesized by chemical method using auric chloride as a precursor salt and sodium citrate as a reducing as well as stabilizing agent. Characterization of Au NPs was performed using UV-Vis, X-ray diffraction (XRD) and TEM (transmission electron microscope). Further, these nanoparticles were tested against four well-explored waterborne bacterial pathogens viz., E. coli, V. cholerae, S. typhimurium, S. dysenteriae, using globally accepted broth microdilution method recommended by CLSI, which exhibited a good antibacterial potency demonstrated in the form of IC 50 and MIC. Subsequently, a novel phylogenetic approach for reducing the cost of experimentation was also carried out. In future, Au NPs can be used in making a water purifier system or kit.
PUBLIC INTEREST STATEMENT
The emerging infectious diseases caused by drinking water and the development of drug resistance in the pathogenic bacteria at an alarming rate is a matter of serious concern, which is greatly responsible for human loss annually. Despite knowledge of microbial pathogenesis and application of modern therapeutics, the disease occurrence and mortality associated with these microbial infections still remain high. Therefore, there is a pressing demand to discover novel strategies and identify new antimicrobial agents from natural and inorganic substances to develop the next generation of drugs or agents including nanoparticles, to control human loss. Nanoparticles usually ranging in dimension from 1 to 100 nm have properties unique from their bulk equivalent increasing applications as amendments in industrial, medicine and therapeutics, synthetic textiles and food packaging products. Underlining the present circumstances, we have been forced to apply gold nanoparticles for the potability of water.
Introduction
The worldwide escalation of microbial resistance to conventional remedy practices is a serious problem for human health. The indiscriminate use of these antibiotics has lead to this serious damage, thereby, increasing clinical problems in the treatment of these microbial infections (Hema, Shiny, & Parvathy, 2012) . In view of the increased mounting of infections with emerging multidrug resistance, nanotechnology emerges as a hope to treat such infections (Kagithoju, Godishala, Pabba, Kurra, & Rama swamy, 2012) . To subdue this resistance, assorted approaches have been employed to regulate or avert the proliferation of microbial cells by the use of antibiotic agents. One of the promising approaches for overcoming bacterial resistance is through the use of nanoparticles (Chaloupka, Malam, & Seifalian, 2010) . Nanomaterials have fascinated contemplation in discipline owing to their unequaled physical and chemical potencies, which differ considerably from their bulk counterparts (Kumar, 2006) . At present, apart from metal nanomaterials, carbon sheets are immensely fabricated nanomaterials whose implementations include catalysis, sensors, environmental remediation, drug delivery and personal care products (Pandey et al., 2011 ). An important property of metallic nanoparticles is their ability to target action on different entities and on different target sites (Gordon, Vig Slenters, & Brunetto, 2010) . Numerous reports have centred on antimicrobial pursuits of various nanoparticles, including silver, gold and copper (Kim et al., 2008a; Kumar, Shukla, Pandey, Srivastava, & Dikshit, 2015) . Among the various metallic nanoparticles, gold nanoparticles have wide range of applications in nanoscale devices and other technologies due to its chemical inertness and resistance to surface oxidation (Sugunan, Thanachayanont, Dutta, & Hilborn, 2005) . Gold nanoparticles also have potential activity against bacterial pathogens which mainly depends on the size and shape of these particles.
In the contemporary probe, the Au NPs were synthesized exercising wet chemical method, and the product was characterized morphologically with the aid of UV-Vis spectrophotometer, X-Rray diffractometer (XRD) and transmission electron microscope (TEM). Further, these nanoparticles were screened against various leading bacterial strains viz., E. coli, V. cholerae, S. typhimurium and S. dysenteriae, using broth microdilution method of antibacterial susceptibility assay and a phylogenetic approach is applied for reducing the cost of experimentation.
Materials and methods

Synthesis of Au NPs
Trisodium citrate-stabilized Au NPs had been synthesized according to the procedure of Kim et al., (2002) with minor modifications (Kim et al., 2002) . In brief, a composition of trisodium citrate (3.4 × 10 -2 M, 4.0 mL), tannic acid (10 g/dL, 1.0 mL) and potassium carbonate (0.025 M, 1.0 mL) were diluted with deionized water (14.0 mL) and gradually heated to 60 ± 1°C. The aforementioned contents were added to a solution of 1.176 g/dL, 80 mL, chloroauric acid (HAuCl4) at the rate of 1 mL/ min at 60 ± 1°C with continuous stirring for 30 min to obtain Au NPs.
Characterization studies of Au NPs
UV-Visible spectroscopy
Ten times diluted Au NPs in deionized water were characterized through UV-Visible spectrophotometer and were recorded on Genesis 10 Thermospectronic spectrophotometer at wavelength 200-300 nm using quartz cuvette.
X-ray diffraction
X-ray diffraction (XRD) was performed on dried Au NPs samples with 40 kV voltage, 30 mA current at a wavelength of 1.54 Å on copper grid using Rigaku Smartlab X-ray diffractometer, Japan. Spectra were obtained for the 2θ range of 10-80°.
Transmission electron micrographs
Transmission electron micrographs (TEM) of gold nanoparticles had been recorded by preparing a sample of 50 μg/mL in ethanol followed by applying the drop of suspension over copper grid. The grid was dried at room temperature and used for the TEM analysis. TEM of Au NPs was recorded over JEOL 1011 (Tokyo, Japan) with primary beam voltage of 80 kV at a camera length 290 mm, having exposure time 1.7s.
Selection of test pathogens
The bacterial pathogens have been selected on the basis of their virulent nature. They are well known for their pathogenicity causing stomach infections, cholera, typhoid and bloody dysentery; therefore, we have selected them for our studies. All the species except S. dysenteriae were procured from Microbial Type Culture Collection (MTCC), Chandigarh, India. These strains were re-cultured on nutrient agar (NA) medium, and incubated at 30°C for 3 days (Figure 1 ).
Antibacterial susceptibility assay
A broth microdilution method protocol was performed according to CLSI guidelines in flat bottom 96-well microtiter plates. Here, Mueller Hinton Broth medium (HiMedia) was used as the assay medium for viability of bacterial pathogen. Two-day-old cultures of pathogen were collected with an inoculating loop and suspended in sterile saline containing 0.1% of saline to make 0.5% McFarland. The McFarland 0.5 standard corresponds approximately to a homogeneous suspension of 1.5 × 10 6 cells per mL. About 100 μL of medium was transferred to each well, followed by 90 and 80 μL of medium in each well of column numbered 3 and 4, respectively. Then, 10 and 20 μL of Au NPs suspension was added to each well of column number 3 and 4, respectively. Serial dilutions were performed from column 4 to column 11, to obtain the final nanoparticles concentrations which varied from 2.5 mg/mL (4th well) to 0.020 mg/mL (11th well). Bacterial inoculum of 100μL was added to each well except all wells of column 2 and 3, making the final volume of 200μL. Nanoparticles-free well (column 12) containing medium and inoculum served as growth control. Column 1 which contained medium, inoculum and formaldehyde served as negative control and column 2 served as medium control, while column 3 served as drug control containing 200 μL medium and 190 μL medium with10 μL of drug, respectively (Figure 2 ).
Phylogenetic study
To minimize the cost of experimentation of the waterborne bacterial pathogenic strains of E. coli, V. cholerae, S. typhimurium and S. dysenteriae, a phylogenetic tree of 16S ribosomal RNA was performed. The gene sequence was procured from the gene Bank NCBI database, USA in their FASTA format for further alignment and phylogenetic study. The sequences were aligned in MEGA4 (version 4.0.1) software and gene alignment was obtained for both the DNA sequence and the amino acid sequence by ClustalW program and 1,000 bootstrapped N-J plotting method in MEGA4. Further, the gene sequences were blasted for procurement of more genetic homologues which were aligned in ClustalW, and phylogeny was obtained by N-J plotting (Felsenstein, 1985; Tamura, Dudley, Nei, & Kumar, 2004; Pandey et al., 2016) .
Results and discussion
Characterization of Au NPs
Au NPs were synthesized by a very popular method of citrate reduction and were characterized using UV-Vis spectra, X-ray diffraction pattern, and transmission electron microscopy ( Figure 3) . Initially, average size of nanoparticles determined by Zeta was 55 nm. Further, the formation of Au NPs was observed through the change in colour which was further confirmed by UV-Vis spectra of spectrophotometer which was recorded at 536 nm. The spectrum of HAuCl4 shows absorption spectra of HAuCl 4 at 221 nm. Reduction of HAuCl 4 under tri-sodium citrate, tannic acid system showed Au NPs with plasmonic absorption spectra at 536 nm which fall in specific wavelength for Au NPs. The absorption spectra obtained from spectrophotometer of gold nanoparticles corresponding to 536 nm refer to the particle size to be around 35-65 nm. This was further ascertained by TEM studies which reflect the particles size ranges between 15 and 45 nm. The TEM shows their confirmed spherical shaped structure also. The observed size of studied AuNPs made it more important because of its size-depended activities. The obtained peaks of XRD demonstrate crystalline nature of nanoparticles which was confirmed by its intensity (1 1 1) on 2 theta obtained at 38-400 . Since no additional peaks are observed in XRD pattern, therefore, it is also pointing towards purity of nanoparticles. Table 1 demonstrates (based on IC 50 and MIC) that gold nanoparticles are very good inhibitors of S. dysenteriae. In the present study, Au NPs was found 50% cidal against all the pathogens with IC 50 values i.e. 0.668, 0.688, 0.630 and 0.666 (mg/mL), for E. coli, V. cholerae, S. typhimurium and S. dysneteriae, respectively, whereas MIC values of 1.03 (mg/mL) was recorded only for S. dysneteriae. However, in case of all the four microbial strains, it can be noted that with increasing concentrations of the Au NPs, the optical density decreased, thus growth inhibition has increased (Figure 4) . The Au NPs, at its highest in vitro concentration, was found to be most effective in inhibiting the viability of bacterium followed by lower dilutions as also supported by other workers. Owing to their small size and higher surface-to-volume ratio, nanoparticles have a greater contact area with micro-organisms. This phenomenon enhances biological and chemical activity of the metal nanoparticles with high antibacterial potency. There are certain evidences which demonstrate that the activity of NPs was much stronger than that of bulk as smaller particles normally have a larger surface-to-volume ratio which provides a more efficient mean for its antibacterial activity (Baker, Pradhan, Pakstis, Pochan, & Shah, 2005) . The generation of reactive oxygen species like hydrogen peroxide, hydroxyl radicals, superoxide anions presents another elucidation of the antibacterial activity of NPs (Yamamoto, 2001 ). Alternative antioxidant histidine exhibited similar observation in case of viability of Botrytis and Penicillium (He, Liu, Mustapha, & Lin, 2001 ). However, recently, other models have been proposed regarding the mechanism of actions of various compounds in the case of bacteria, fungi and crustaceans (Heinlaan, Ivask, Blinova, Dubourguier, & Kahru, 2008; Mishra et al., 2016) . Apart from different agents like free chlorine bleaching, solar disinfections, coagulants, bios and/ ceramic filtration and camphor frequently used as water potability agents, metallic nanoparticles can also be used as a water purifier system. The present study dealing with the growth inhibition of waterborne bacterial pathogens by nanoparticles makes it a suitable replacement for conventional treatment protocols. For the reduction in the experimentation cost and determination of the variability in their susceptibility against the nanoparticles, phylogenetic analysis of the bacterial strains was done. For the selected strains, the gene sequences were procured from GenBank NCBI database in their FASTA format. The gene sequences were aligned in the MEGA 4 (Version 4.0.1) software in the ClustalW format ( Figure 5 ). Phylogenetic studies were also done previously in the case of waterborne bacteria using ClustalW computer program and GENETYX MAC 10.1 software. Phylogeny was constructed by the maximum likelihood of the DNA. Similar studies were also done in the reference of different species belonging to Malassezia species and plant growth-promoting rhizobacteria for obtaining the homologous strains (Pandey et al., 2013) .
The ClustalW alignment of 16S rRNA gene was subjected to the bootstrapping 1,000 NJ plotting for deciphering the phylogeny of studied bacterial strains. The phylogenetic alignment of the studied bacterial pathogens was in accordance with their susceptibility. Although, E. coli and V. cholerae have been distant in the phylogeny, they have similar susceptibility. The strong homogeneity in the 16S rRNA (phylogenetically conserved region) gene sequence is reflected by their nearness in the tree and also reflected by susceptibility (MICs) to all other pathogens near to tested pathogens, thereby reducing the experimentation cost. 
Conclusions
From our results, it is proved that chemically synthesized and stabilized gold nanocolloids are effective against most potent bacterial strain. Hence, it is concluded that the stabilized gold nanoparticles as an antibacterial agent due to their inherent elemental properties may be suitable for the formulation of new types of bactericidal materials equivalent to the antibiotics against microbial infections, or they can be utilized in the development of some water purifier system. Moreover, the phylogenetic analysis for reducing the cost of experimentation is a noble approach. 
